Introduction
In order to create electronic devices based on molecules, one of the principal challenges is to be able to observe and control molecular assemblies. Thereafter, these assemblies will be used to study charge transfer for example between a single molecule and a polymeric structure [1] or the choosen molecules will be the 5 precursors of larger systems able to facilitate charge transfer [2, 3] . The molecular interactions within these assemblies is often driven by competitive forces either between the molecules in the assembly [4] or between the molecules and the substrate on which they are deposited [5] leading to different molecular lattices. Then, very different behaviours are expected between networks dominated 10 by covalent bonding or by hydrogen interactions. In covalent assemblies, the intermolecular forces entirely determine the network structure since the chemical bonds are directive and very strong [6, 7] . Then, the molecular shape is used to produce stable networks of the desired geometry and reactivity depending of the used tecton [8] . On the other hand, hydrogen interactions are weaker 15 and sometimes results in metastable structures in which the number of H bonds determines the final self assembly [9] . However, these large molecular domains assembled by non covalent forces are technologically appealing since they can make possible the fabrication of nanostructures with controlled functionality, size and shape [10] . Most of the studies reported so far concern large domains 20 in which an important number of molecules are self-assembled and participate to the observed network [11] . However, when the domains are very small, it appears interesting to study the interactions between the first molecules implied in the structure [12, 13, 14] . This may concern only a few molecules and in this case, their precise position in the native network can reflect the nature of the 25 interactions involved in the first growth steps. Thus, the formation of these first structures can be used to predict the nature of the intermolecular interactions, an important point that cannot be always addressed in a complete monolayer.
Among the large number of possible candidates, perylene derivative molecules are objects of peculiar interest for various applications. Indeed, they are used in 30 photonics and optoelectronics, where they can be used as pigments or colorant [15] , in light-emitting diodes [16] , transistors [17] , photovoltaic cells [18, 19] .
Optoelectronic characteristic of perylene derivative compounds are due to the π-conjugated system of its polyaromatic structure. On the other hand, it is possible to change the characteristics of these molecules using appropriate pe-35 ripheral groups, particularly if these groups are polar [20, 21] .
In our investigations, we propose to use perylene derivative molecules as twodimensional models in the localization and interaction of local charges. Bearing this mind, we studied 3-perylene carbaldehyde molecules (PC) by STM and NC-AFM on an Ag(111) surface and on ultrathin films of NaCl. The PC molecule is 40 a precursor of numerous perylene derivatives. Its chemical structure is presented Fig. 1 . It is composed by a perylene group (in black) and an aldehyde group (in red). Although the molecule is neutral in gaz phase, its charge repartition is expected to be non uniform because of the peripheral group. Then, this molecule is going to be used as a reference system in the exploration of molecular models repeated Ar + bombardment cycles at E = 600 eV followed by annealing at 3 800 K for one hour. Once the Ag(111) surface was clean, NaCl bilayers covering approximately 20 % of the surface were grown onto the substrate held at 50°C.
The deposition time for such a coverage was about 2 minutes.
The synthesis of PC has been carried out according to [22] . The molecules
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were evaporated from a W filament 0.15 mm in diameter. This evaporator was first pumped by a turbo molecular pump during at least 12 h. Then, before evaporation, the filament was submitted to high temperature outgassing cycles.
Evaporations on the substrate held at room temperature were performed in the preparation chamber The filament was heated at 0.34 A during 30 sec.
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Afterwards, the substrate was immediately transfered in the STM chamber to be cooled down at liquid helium temperature. The time between deposition and cooling process is estimated to be about 5 minutes, which is relatively large as compared to the typical diffusion time of molecules on metallic surfaces. One can therefore estimate that these conditions are sufficient to reach equilibrium Molecules can be adsorbed in a head to tail configuration ( moiety, the same type of perylene but with another peripheral group (perylene ethanoic acid: PEA) was also deposited on Ag(111) using the same experimental conditions (see supplementary materials). In this case, the structures were very different with a complete panel of assemblies including monomers, dimers, 115 trimers,... In addition, no regular alignment along step edges were observed for PEA. This suggests that the PC trimer structures clearly result from the presence of the COH group while the regularity of the linear chain along the step implies a head to tail organization.
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The PC trimers were also investigated by NC-AFM. Before switching into the 120 constant-height mode to obtain the ∆f images, the tip was positioned above the metal surface with tunneling parameters identical to those previously used for STM imaging (1.2 pA and -400 mV). Thereafter, this height was kept constant and was not modified during ∆f imaging. The bias voltage of -400 mV was determined using ∆f (V) curves and was chosen so that the contribution due Evaporation at low temperature. The first experiments suggest that single molecules cannot be observed when the deposition is performed at ambient temperature.
As diffusion induces the production of small clusters (stabilized by intermolec- The molecules present the same rectangular shape as previously described.
However, the low temperature hinders diffusion and makes it possible to study single objects before the formation of trimers. Figure 4 shows PC molecules 160 adsorbed on Ag(111) (A) and NaCl (B), and imaged at a positive bias voltage of 1.5 V. If the molecules present the rectangular shape described above on Ag(111) (molecules 1), the same molecules observed at the same bias on NaCl exhibit a more complex geometry (molecules 2).
Once adsorbed on the ultra thin NaCl layer, the molecules present an in-
165
teresting contrast that depends on the sign and value of the used bias voltage.
Figs. 5a and 5b show three PC imaged respectively at positive and negative bias voltages. Note that the molecule located on top has been slightly moved by the tip between the two images. When a negative voltage is applied, the molecule 2 is close to a small defect and another one close to a step edge. This means that a few angstroms away from these defects, the effects of these latter on the NaCl electronic structure such as the well-known Cl vacancy state reported by Repp et al. [28] do not affect the observed structures. However, we note in 180 specific cases, a small shift of the threshold voltage for LUMO imaging when molecules are very close from a island edge. This shift is about 100 meV, does not appear systematically and depends on the molecule orientation with respect to the step direction.
These features results from the electronic structure of the molecule and the 185 well-known decoupling properties of the ultra-thin NaCl layer.
I(V) spectra were also acquired on PC molecules adsorbed on NaCl and We now focus our attention on the images produced above the LUMO onset. The comparison shows that it is perfectly possible to localize the aldehyde group as the lobe 3 on the STM image.
Using this imaging method above the LUMO threshold, the small depres-225 sions previously observed in Fig. 5b can be located with respect to the molecular structure (lobe 3) and interpreted as the aldehyde moiety. Depressions on topographic STM images have previously been observed around molecules and can involve local charge transfer with oxygen atoms [29, 30] . To confirm that the observed dark contrast below the Fermi level could reflect a charge transfer, the local charge on the aldehyde group in the gas phase has been calculated using the MOPAC program. A value of 0.034|e| has been obtained, giving this molecule one of the largest dipole moment (3.339 D) among the perylene family.
This leads to a charge transfer inside the molecule from the aldehyde group to the perylene part that tends to depopulate the CHO moiety. This latter then 235 becomes slightly positively charged and produces a small decrease of the local density of occupied states. Therefore, at negative bias, the STM tip should probe this decrease as a small depression at the position of the CHO group, which is what is observed on the molecule. This result is also consistent for the three molecules presented in Figs. 5a and 5b and has been observed on all the Interestingly, a few molecular assemblies can also be observed on NaCl/Ag(111) in a head to tail configuration, as observed on the step edges on Ag(111). One of these assemblies, composed by three molecules, is visible in a black rectangle drawn in Fig. 4 and in a close-up view Fig. 7 . Fig. 7a [32] . In this work, the calculations performed in the gas phase show that the electronic characteristics of the connected monomers and particularly the frontier orbitals along the small assemblies are significantly modified by charge transfer.
Due to this phenomenon, the HOMO and LUMO states are each located at one end of the chain. For PC molecules, it has been previously demonstrated that 290 charge transfer has been decisive in the trimer formation on the Ag(111) substrate at ambient temperature (Fig. 2c ) and in the adsorption along the steps.
Because of the proximity of the three molecules in the row and the decoupling role of the NaCl layer, it is possible that the electrostatic interactions between polar groups play a significant role and induce a small charge transfer.
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To support these assumptions, calculations have also been performed. Three PC molecules in gas phase have been positioned in the same plane at an interatomic distance corresponding to the experimental results (i. Charge (e) 0.000000 0.002992 -0.000096 -0.002895 Table 1 : Results of the PM6 calculations in the gas phase for a single PC and for three PC molecules each separated by 1.3 nm and with the orientation presented in Fig. 8 .
center to center) and with the same orientation (see Fig. 8 ). The position of the frontier orbitals has been investigated using a semi-empirical approach and 300 the MOPAC code with the PM6 method [33] . The results are reported in Table   1 . These calculations clearly show a shift of the energy levels of molecule 1 and 
Conclusion
In this paper, PC molecules deposited on a Ag(111) substrate and on NaCl ultra-thin layers have been investigated by STM and NC-AFM at low temper- 
